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Summary 

These  design  calculations  are  for  specialized  fleet  moorings 
which  will  be  installed  for  the  Naval  Station  (NAVSTA)  Mayport. 
Florida.  It  was  requested  that  Chesapeake  Division.  Naval 
Facilities  Engineering  Command.  Ocean  Engineering  and  Construction 
Project  Office,  design  and  install  the  mootings  for  the  NAVSTA. 

'^These  fleet  moorings  are  in  a  specialized  category  because  they  will 
be  used  to  moor  vessels  during  a  hurricane.  There  will  be  three 
moorings  that  will  accommodate  22  crafts  ranging  in  size  from  LCM  to 
YON  that  are  assigned  to  the  NAVSTA, (see  pages  B-2.  B-3.  and  B-4). 

The  ^cation  of  the  moorings  is  on  the  east  bank  of  the  St.  John 
River,  west  of  Blount  Island. (see  page  B-6).  Bathymetry  of  the 
anchorage  area  and  soil  conditions  at  the  anchor  location  has  to  be 
confirmed  by  a  site  survey.  ,  The  vessels  at  moor  under  certain 
environmental  conditions  wifi  swing  into  the  channel.  Informal 
discussions  with  federal  and  state  agencies  implied  that  there  would 
be  no  denial  for  installation,  however  this  needs  to  be  formalized 
by  submitting  applications  for  construction  to  the  appropriate 
agencies . 


Because  the  moorings  are  a  survival  type,  the  100-year  extreme 
event  will  be  used  for  the  design  criteria.  /Therefore,  highest, 
fastest  mile  design  wind  will  be  80  miles  per'  hour.  The  current 
will  be  1.5  knots,  (sme  pages  A-3  and  A-5).'  These  environmental 
events  generated  a  maximum  static  hawser  load  of  32  kips  (see  page  C 
36)  and  a  maximum  dynamic  hawser  load  of  55  kips.-fjsee  page  D-4). 

The  final  design  is  a  free-swing  riser  type  mooring.  Each 
mooring  will  have  four  ground  legs  consisting  of  2  inch  chain  so 
that  each  opposing  leg  can  be  proof  loaded  and  verified  to  the 
design  load.  The  anchors  will  be  Navy  stockless  with  stabilizers 
and  with  the  flukes  fixed  open  to  50  degfa^s.  There  is  a  10  kips 
sinker  connected  to  the  ground  ring.  The  mooring  systems  will  be 
cathodically  protected  with  zinc  anodes. 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 
DISCIPLINE 


Calcs  made  bv:  ///  tLcdL 
Calcs  ek’d  by: _ ^Al — 


date: 

date: 


PROJECT: 
Station:  . 
E  S  R: _ 


Contract: 


Calculations  for: 


(a)  Lateral  vlnd  load.  Lateral  vlnd  load  is  determined  using 
the  following  equation: 


yw 


tt  yO  V  2  A  C  f  (0  ) 
2  /  a  w  y  yw  yw  w 


WHERE: 


yw 


•  lateral  wind  load,  in  pounds 

-  mass  density  of  air  -  0.00237  slugs  per  cubic  foot  at  68*F 

*  wind  velocity,  in  feet  per  second  -  k*4'''1  «=- j 

A^  *  lateral  projected  area  of  ship,  in  square  feet  =.  S"2~  l  o  -j-f' 

C  -  lateral  wind-force  drag  coefficient 

yw 

f  (0  )  -  shape  function  for  lateral  load 
yw  w 


0 


•  wind  angle  *  ^  a 


The  lateral  wind-force  drag  coefficient  depends  upon  the  hull  and 
superstructure  of  the  vessel: 


C  -  0.92 
yw 


fey  - 


WHERE:  C 


■  lateral  wind-force  drag  coefficient 


yw 

V  /V  -  average  normalized  wind  velocity  over  superstructure 
S  R 

A  -  lateral  projected  area  of  superstructure  only,  in 
square  feet  -  | OC<7 
z  if/  n  •  ■  -<•  ‘  >-  t"*-  r  « 

V  /V  ■  average  normalized  wind  velocity  over  hull 
□  R 

Ag  -  lateral  projected  area  of  hull  only,  in  square  feet 


-  lateral  projected  area  of  ship,  in  square  feet 
»  reference  wind  velocity  at  33.33  feet  above  sea  level 


The  values  of  V  /V  and  V  /V  are  determined  using  the  following  equations: 
SR  H  K 


i-(if 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 

DISCIPLINE 

PROJECT: 

Station: 

E  S  R*  Contract: 

Calculations  for: 

WHERE:  V  /V 
5  K 


V  /V 

V  R 


hH 


\  f  h_! 

\  \hR 

average  normalized  wind  velocity  over  superstructure 
average  height  of  superstructure,  in  feet 
reference  value  of  windspeed  (33.33  feet) 
average  normalized  wind  velocity  over  hull 
average  height  of  hull,  in  feet  =  4.0  A- A. 


-lit-  i±J-  V'7  -  7 £5  -  /±il\V7  -  /  .  O  4-r 

^  -33  /  1/  '  t  -33  ; 


7 (/* 


ps. 

:  .^2-^1  0+£X~fi€>e>(^  +  ,7fV4l(D)7  /*Z.lO  ~  .  <£// 

The  shape  function  for  lateral  load,  f  (9  ) ,  is  given  as: 

yw  w 


< 

.<»  )  "  — 


sin  9  -  sin58v 

W  20 


y  w  ’  w' 

“  20 

WHERE:  f^CO^)  -  shape  function  for  lateral  load 

9 


-  wind  angle 

-  /✓  m - - ,\  -  A"* 


/-do.ooz'3'?)  Vu)  (sud)(.£H) 


3.  7  7  2.  V 
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^  0  1  Z*  {2—<rJ >J G  d  ^~<Z>  C  f  Of(  ,  ,  /  t  h  <  ■5/'  &/ <*  >.  1 
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4.3^  ^  o 


A  y  v 


pn*  — -  «t 


0>>  Longitudinal  wind  load.  Longitudinal  wind  load  ia  de¬ 
termined  using  the  following  equation: 


F  -  1  O 
xv  2  /  a 


’  V  A  C  f  (0  ) 
aw  x  xv  xv  v 


WHERE;  -  longitudinal  wind  load,  in  pounds 

yOa  -  mass  density  of  air  -  0.00237  slugs  per  cubic  foot  at  68°F 
-  wind  velocity,  in  feet  per  second 

“  longitudinal  projected  area  of  ship,  in  square  feet  z  IbOO-f-'h' 
Cxw  -  longitudinal  wind-force  drag  coefficient 
fw(9tf)  *  shape  function  for  longitudinal  load 

The  longitudinal  wind-force  drag  coefficient  varies  according  to  vessel 
type  and  characteristics.  Additionally,  a  separate  wind-force  drag  coeffi¬ 
cient  is  provided  for  headwind  (over  the  bow:  0-0  degrees)  and  tailwind 
(over  the  stern:  ©w  -  180  degrees)  conditions.  wThe  headwind  (bow)  wind- 
force  drag  coefficient  is  designated  C  and  the  tailwind  (stern)  wind-force 
drag  coefficient  is  designated  C  . 
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CHESAPEAKE  DIVISION  PROJECT: _ 

Naval  Facilities  Engineering  Command  NOW  Station: _ 

DISCIPLINE  „  _  E  $  R; _ 

ate: -  Calculations  for: 

ate*. 


Contract: 


Ship9  with  distributed  superstructures  are  characterized  by  a  "humped’1 
cosine  wave.  The  shape  function  for  Longitudinal  load  is: 


f  (9  )  - 

XW  V 


-(ain't  - 


1  -To 


WHERE:  «tf  +  90* 

8(.,  •  *  ('“•  - 


As  explained  above,  use  360*  -  9  for  9  when  9  180*. 

w  w  w 


for  9  <  9 

w  wz 


for  9  >9 
w*^  wz 


*°>°  :  *10°, 

( >8o* -■»*)  '*  (so-  -  ) 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 
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PROJECT: 

Station: 

F  S  R-  Contract: 

Calcs  made  bv:  X  /  * ,,  <  date: 

Calculations  for: 

Calcs  ek’d  by:  _  date: 

(c)  Wind  yaw  moment.  Wind  yaw  moment  is  calculated  using  the 
following  equation: 


M 


1  /O  V  2  A  L  C 


(9  ) 

xyw  w 


WHERE:  M 


xyw 

A 


L 

C 


xyw  w 


xyw  2  /  a  w  y 

-  wind  yaw  moment,  in  foot-pounds 

-  mass  density  of  air  ■  0.00237  slugs  per  cubic  foot 
at  68®F 

*  wind  velocity,  in  feet  per  second  -  y'a.  *  •  -  : 

-  lateral  projected  area  of  ship,  in  square  feet  - 

■  length  of  ship  -  / 

(9  )  -  normalized  yaw-moment  coefficient 
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Naval  Facilities  Engineering  Command  NOW 
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-  1.700  C.*„„  /0,.\ 


b.  Current  Load. 


(1)  Lateral  Current  Load.  Lateral  current  load  is  determined  from 
the  following  equation: 


yc 


/)  V  L  .  _ 

/  W  c  wL  yc 


T  C  sin9 


WHERE: 


F  ■  lateral  current  load,  in  pounds 


/°v  •  mass  density  of  water  -  2  slugs  per  cubic  foot  for  sea  water 


*  current  velocity,  in  feet  per  second  - 


LwL  -  vessel  waterline  length,  in  feet  c  4  O'Z  ft. 


T 

C 


yc 


»  vessel  draft,  in  feet  -  ft  +.f- 
«  lateral  current-force  drag  coefficient 


current  angle  -  . 


The  lateral  current-force  drag  coefficient  is  given  by: 


C  “  c  +  (C  I  -  C  I  )  e'k  (T^  " 

yc  ycloo  'yell  ycjco 


WHERE :  C 


yc 


lateral  current-force  drag  coefficient 


C  I  *  limiting  value  of  lateral  current-force  drag  coefficient 
yc,QP  for  large  values  of 


’y C I 1  m  limiti§8  value  of  lateral  current-force  drag  coefficient 


e 

k 

wd 

T 


-  2.7182818 

»  coefficient 

-  water  depth,  in  feet  -  2 Z /-t. 
m  vessel  draft,  in  feet-  g  ft. 
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WHERE:  “  prismatic  coefficient  of  vessel 

^  -  vessel  blocK  coefficient  -  O-Q'd  4 

C  *  midship  section  coefficient 

immersed  area  of  midship  section 
B  T 

B  ■  vessel  beam,  in  feet 
T  -  vessel  draft,  in  feet 


C-pli u|  _  Q/o  ^ 

-  a? 

-  5-. 


f  k  *  -  I 
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3.0  BLOCK  COEFFICIENT,  $ 

/  \  o 
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-  ^  >  2>&  Vc  S  i  *>  ^c_ 
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Contract: 
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(2)  Longitudinal  Current  Load.  Longitudinal  current  load  pro¬ 
cedures  are  taken  from  Cox  (1982) .  Longitudinal  current  load  is  determined 
using  the  following  equation: 

F  ”F  -  F 

xc  x  form  x  friction  x  prop 


WHERE:  F 


x  form 


■  total  longitudinal  current  load 

■  longitudinal  current  load  due  to  form  drag 


Fx  friction  ™  longitudinal  current  load  due  to  akin  friction  drag 

F  *  longitudinal  current  load  due  to  propeller  drag  .  0 

x  prop  )[  y 

Form  drag  is  given  by  the  following  equation: 


F  (  V  2ETC  .  cos© 

x  form  2  /  w  c  xeb  c 


WHERE:  form  -  longitudinal  current  load  due  to  form  drag 

>Ow  “  mass  density  of  water  “  2  slugs  per  cubic  foot  for  sea 
'  water 


-  average  current  speed,  in  feet  per  second  =2.5"  /Vice. 
•  vessel  beam,  in  feet  -{05  -f+- 

-  vessel  draft,  in  feet  =  o 

m  longitudinal  current  form-drag  coefficient  ■  0.1 

-  current  angle 


'  ~K(^)  V*  105  fe)(A)  co;  £>e 
-  -  9+  ^c. 


CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 
DISCIPLINE _ ___\ _  £  s  R; _ 

Calcs  made  by- , .  _  date:_  Calculations  for: 

Calcs  ek'd  by: WAIS _ date: 


Contract: 


Friction  drag  is  given  by  the  folowing  equation: 


-  mass  density  of  water  -  2  slugs  per  cubic  foot  for  sea 
water 


?x  friction  2  /^w  Vc2  S  Cxca  coa®c 

WHERE:  F  „  .  •  longitudinal  current  load  due  to  skin  friction 

x  friction 

jq  ■  mass  density  of  water  -  2  slugs  per  cubic  foot  for 

•  w  water 

V  ■  average  current  speed,  in  feet  per  second  ; 

c 

S  ■  wetted  surface  area,  in  square  feet 

-  (1.7  T  LwL)  ♦  (^) 

T  •  vessel  draft,  in  feet  ~  P* -f-t 

L  ■  waterline  length  of  vessel,  in  feet  -  ^ 

wL 

D  *  displacement  of  ship,  in  long  tons  t  J.  :  J>  2.  *-»•«  : 

C  -  longitudinal  skin-friction  coefficient 

*ca  -  0.075/ (log  R„  -  -) 

-  Reynolds  number  *  V£  LwL  coaQ^/jJ 

,  m  kinematic  viscosity  of  water  (1.4  x  10  square 

Jr  feet  per  second) 


■  current  angle 


/  Ac.  ^  niu/(i_  ^~IpOV-C- 

O-r-rc^  Kof  b 

Is  1,  » 

y 

^  rO  p  1  ^  t  €-  e-'f' 

lu  e  Z' 

c-o  k>  t  -e  d 

'  i 

7  > 

v-c  /c  c  cd 

lO  "A c 


i  f  *.  \cr* 


•  •  i  ^  i 

~VA  Vr  Z  3  V  3  iiO'1  c  ~  Cr>z,^c. 
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1 

(3)  Current  Yaw  Moment .  Procedures  for  determining  current  yaw 
moment  are  taken  from  Altmann  (1971).  Current  yaw  moment  is  determined 
using  the  following  equation: 


WHERE:  M 


wL 


M  -  F 
xyc  yc 


ft) 


wL 


xyc 


yc 

ft) 


■  current  yaw  moment,  in  foot-pounds 

-  lateral  current  load,  in  pounds  :  4-3^  jc 

■  ratio  of  eccentricity  of  lateral  current  load  measured  along 

the  longitudinal  axis  of  the  vessel  from  amidships  to 
vessel  waterline  length 


*  eccentricity  of  F 


yc 


-  vessel  waterline  length,  in  feet  -  X  ■ 


Tl. 

^  Q.  / «  -C_ 

^  al; >  <=. 

Ji  r  1  \/  'GL.h 

■f~k  -* 

*  ijr  f* 

✓  -i  5 

C  r 

✓  -e  r. 

^  ^ 

<r*  f  !  c^— 

x'/‘a7' 

✓  . 

TJv,; 

1  S  5  « 

•  n  rr>  r  + 

*  1 

i 

AFP<_ 

^  T  /<- 

0 

Ou  /  •*  t-  A 

( 1  ■>  A& 

^  -a  3 

»*  T  k-  -«■- 

<j  •  -  -a 
dvck  £A(=DL 

<-  r  ^  ■<  7 

C  j  <■'>-  » 

£>r*-  r  r-t  f*_ 
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-  9WAR0 

0.3 

|  „  tow 

0.2 

0.1 

*  f 

0 

0 

V-  0: 

u. 

is 

-0.1 

r 

-0.2 

“  vl  .WARO 

-0.3 

K 

% 


« 


I  AT  2 


iM 


'jj  >  c'r  7 


to  to  100  120 

CURRENT  ANGLE,  6C,  IN  DEGREES 


*YC, 


6  Vc,  ^  s  /  <5*c_  ^ 


c  «  &. 


^  I  (  ^ ^V.  -»  r  i  M  t-^/  ^  G  -•  d  C. 

«-  ^  C>  ii*  ^  #*•  /  <t(  ^  ta.rO  ^  *  • 

S  i  -M 
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\ /  V  -?  J  ?J  / 


l£  \7  -_  0,9<p& 
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A  A  C  A 


/ 

'  -A  ,-/  »  3/*''-  c  ^  -t  ■ 

y—  4  ~  A /  A  ^  (  r%>  .  , ,  A <ri  •  •*.«*./  - 

A/A  ~  -  <L<*Z 

-S<0*  A  A  A  - -  -r  ~  -  ••  •  -  -  /  C 

' 1  ‘  -d  "z  ^  •  p  $ 

^  ~  f  ^  A7 *C  ^  ^ 

"  ^  /A  ^ 

^  r  y /A*  A*>  / 

=  f?^7~^r)  (#<-'-&>)  *  **'  AA  >3^d 

-  .7 >  -SO*)  *  iO~ 

AA  -  ^  ^o)f.i  >  /-<?<=>?  4>) 

■  1  £ 4 r  ^  A  x  ~  ^  ^  -  oy 

.<-»  >«  .*  - .  /  3  <r/  y  <?>  /  y^  /Z5  <■*•  »<  y  4  <^.e»«»r. 

fj  rOts- p  &-te  O'1,'  o-l!  "hit  -*  '  -*■  ^r>'  S.  ~f~(\.<y'  //  o  f"  Jt- 


-  _2^-  vQ. 

<*✓? 


/  J  I  ' 

•  I  H  j  /  ’H  «  S?'*.  ♦  *. 

/  .i,J  't~  4  «.  3^  ■*?-  r  <z> 


S'*  •  * .  /n  •  ^ ^  €!  nt-cr> 

A-cS>  '* »  CS  J‘<  e.  ^ 
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A** 


:  -  f£  er  C„  ^  <T«,. 
-  -4.  4>  V^(z8.)'l  l>(.l) 

—  '^(r>  '^\  \{ c  "*■  <T  <->  -  (^"  {-_ 


.  x4.  yL. 

^  :  1,7  fcl  4- , 

=  /.  7^3)/r«r 


f<=-<^ 


i  ^ 


■*  i 
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/  3 


3(  8Z- 


dT 
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A>0  l^C.  lust  CC>- 
'  ^  '  /.«.«/«** 


-r 

/r.  rzX. 


•i. 


/,„  .  -•  4  4)  V47  '3/d^  fiZXJZE. iS-A 

?^^7>.y  c-o  z  £c- 
r  (to0^e. ■  7.?<\ct<s.<~i&^  “O 

Propeller  drag  is  the  form  drag  of  the  vessel's  propeller  with  a  locked 
shaft.  Propeller  drag  is  given  by  the  following  equation: 

-  -  -i  /3  V  2  A  C 


c.o;  6>c 


WHERE:  F 


x  prop 

/°* 


-  .  ..  cos9 

x  prop  2  (  w  c  p  prop  c 

■  longitudinal  current  load  due  to  propeller  drag 

■  mass  density  of  water  -  2  slugs  per  cubic  foot  for  sea 

water 

*  average  current  speed,  in  feet  per  second 

■  propeller  expanded  (or  developed)  blade  area,  in  square 

feet 


prop 


propeller-drag  coefficient  (assuned  to  be  1) 
current  angle 
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date: 

A  is  6iven  by: 

P 

^pp 

Sp. 

p 

1.067  -  0.229  p/d 

0.838 

WHERE:  A 

P 


PP 


-  propeller  expanded  (or  developed)  blade  area.  In  square  feet 
•  total  projected  propeller  area.  In  square  feet 


p/d  -  propeller  pitch  to  diameter  ratio  (assumed  to  be  1) 

^pp 


L  B 
wL 


WHERE: 


total  projected  propeller  area,  in  square  feet 
waterline  length  of  vessel,  in  feet 
vessel  beam,  in  feet 
area  ratio,  found  in  Table  1 


TABLE  1 

A^  for  Propeller  Drag 


Vessel  Type 

Area  Ratio, 

Destroyer  . 

Cruiser  . 

.  160 

Carrier  . 

.  125 

Cargo  . 

.  240 

Tanker  . 

.  270 

Submarine  . 

.  125 

Vre  /> 

AP 


6,5  a,  U  -e  J 

2.  7  J.  +  x  c  <9  ^ 


a 


-  75* 


4r 


^  J  i'T’ M  ka-y 


?  r 
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Figure  4. I  Forecasting  Curves  for  Shallow-water  Waves.  Constant  Depth  *  25  Feet. 
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Forces  on  mooring  consist  of  two  types,  static  and  dynamic.  Static 
forces  can  be  determined  from  DM  26  or  computer  programs,  such  as  STATMOR. 

The  purpose  of  this  analysis  is  to  predict  dynamic  mooring  line  forces  for  the 
case  of  long  waves. 

In  this  simple  analysis  the  system  consists  of  a  mooring,  vessel, 

steady  and  dynamic  forces.  fa*1*} 

Y  Vessel  ^  A (a M.oe.  dy 


Steady  forces  must  first  be  determined  and  the  entire  mooring  line  system  by 
statically  analyzed  with  the  CHESD I VNAVFACENGCOM  catenary  program  to  determine 
the  load  deflection  curve. 


Horvuirlr*^ 

Z-ine 

pevre- 

F, 


Ozfkchon 


In  this  analysis  the  load-deflection  curve  is  represented  by  the  the  power 


formula: 


FI  =  K1 *X 1  +  K2*X 1 2  +  _ 


where  XI  is  the  deflection  from  the  neutral  position  and  FI  is  the  horizontal 
component  of  the  mooring  line  force  at  the  vessel.  Here  only  the  first  two 
terms  in  Eq  (1)  have  been  used. 
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Station: _ 

E  S  R: _ Contract: . 
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In  this  analysis  the  ship  is  represented  by  a  mass,  MO,  that  includes  the 
ship  mass,  M,  and  the  added  mass  of  water  around  the  ship.  This  total  mass  is 
given  by: 


MO  =  CH  M 


(2) 


where  C  is  a  mass  coefficient  determined  from  the  curves  on  the  following 
H 

page  (found  in  DM— 25 - 1 ) - 

The  analyzed  system  is  then  treated  as  a  damped  forced  mass  restrained  by 
a  non-linear  spring: 


moor  mo. 


■AAAAy — <- 


FI 


V-  |M«SS  Velocity 
— > 


MO 


wat*"-  velocity 


XI 


V  is  the  velocity  of  the  vessel  at  any  instant  in  time  and  A  is  the  acceleration 

or  h«avt  . 

of  the  mass(anly  sway  surge^motion  are  considered  in  this  analysis). 

U  is  the  velocity  of  water  at  the  vessel  induced  by  long  waves,  such  as  harbor 

oscillations  or  surf  beat.  These  long  waves  may  be  considered  as  "shallow 

water"  waves,  so: 


U  = 


sin  (  2  “R"  t/T) 


(3) 


N  d 


where  a  is  the  long  wave  amplitude,  g  is  the  acceleration  due  to  gravity, 
d  is  water  depth,  t  is  time  and  T  is  period  of  the  long  wave(see  the  "Shore 
Protection  Mannual",  US  Army  Corps  of  Engineers,  CERC,  1977). 

If  V  is  the  velocity  of  the  vessel  and  U  is  the  velocity  of  the  water, 
then  the  relative  water  velocity  is  given  by: 


W  =  U 


(M 

page  412  of 


r'l 

a 


GPO 


H  WATER  DEPTH 


(after  DM-25.1,  Figure  47) 


Recommended  Ship  Mass  Coefficients 
(added  mass  of  water  included) 
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Calcs  ek’d  by: _ 


10-3  10-' 


10  10’  10’  10* 

Reynolds  numK’i,  Re  =  - 


I0!  10*  I01 


Drag  Coefficients  for  Idealized  Shapes 


{after  Roberson  and  Crowe,  Engineering  Fluid  Mechanics, 
Houghton  Mifflin  Co.,  Boston,  Mass.,  1975) 
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E  S  R:  Contract* 

Calcs  made  bv:  see  1  i  a  date:  9  Dec  82 

Calcs  ek'd  by:  date: 

Calculations  for: 

At  any  given  instant  in  time  the  sum  of  forces  acting  on  the  body  is: 


F  =  F 1  +  F2  +  F3  +  F1*  +  F5  (7) 

where  the  location  is  XI  and  ship  velocity  is  V.  To  find  the  ship  position 
at  some  very  small  time  step  into  the  future,  4  t,  the  equation  of  motion 
is  first  used  to  find  the  ship  acceleration: 

A  =  (8) 

MO 

The  change  in  distance,  A  XI,  is  then  found  from  the  following  finite-difference 
equat i on : 

A  XI  =  VAt  +  A  (4t2/2)  (9) 

and  new  vessel  location  given  by: 

i 

XI  =  XI  +AX1  (10) 


The  above  proceedure  is  applied  in  very  small  time  steps  to  determine  the 
vessel  position  and  horizontal  forces  in  the  mooring  as  a  function  of  time. 

In  this  analysis,  the  forcing  is  assumed  to  be  periodic  fcto  allow  easy  computation 
on  a  desk-top  computer.  This  is  assumed  to  be  adequate  for  a  first  "quick 
look". 

Probably  the  most  difficult  portion  of  the  analysis  is  determining  the 
vessel  coefficients  to  be  used  as  input.  These  can  be  obtained  from  DM26 
or  other  sources  of  marine  architecture.  When  in  doubt,  I  recommend  that 
several  values  of  the  coefficients  over  a  reasonable  range  be  tested  to  determine 
if  the  value  significantly  influences  results. 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NDW 
DISCIPLINE 

PROJECT.  Mooring  Dynamic - - - 

Station: 

E  S  R:  Contract: 

Calcs  made  bv: Seel  '9  date:22  Dec  8: 

Calculations  for:  ExamP1e 

Calcs  ek’d  by:  date: 

OUTPUT:  One  line  of  printed  output  is  available  that  includes: 


maximum  and  minimum  horizontal 

«  -  *  •' :  -  W  k  : 


forces  at  the  buoy 


(kips) 


maximum  and  minimun  excursion  of  the  buoy  (feet) 

The  watch  circle  is  the  extent  of  this  excursion, 
which  is  14  feet  for  this  case. 


A  plotted 
the  dashed  line)  and 


time  history  of  the  forcing  currents,  U,  (shown  by 
the  resulting  forces  (F)  are  also  produced  (see  below). 


i 


I 
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I 

I 


o 


k 


I  :•  1 1  r  ]  \  \  f 


force,  O0 


'fm*- 


Current 
i/clocify  (-fps) 


In  this  example  the  first  wave  is  predicted  to  produce  little  force  in  the 
mooring  because  of  interia  in  the  system.  However,  subsequent  waves  produce 
significant  forces  due  to  resonance  in  this  case.  More  detailed  analysis 
shows  that  the  magnitude  of  the  maximum  current,  wave  period  and  magnitude 
of  the  steady  forcing  are  all  inportant  in  determing  the  amount  of  dynamic 
forcing  and  motion  of  the  vessel. 
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Calculations  for: 
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DESIGN  CALCULATIONS  OF  THE  HURRICANE  HOORINGS  AT  NAVAL 
STATION  HAVPORT  FL.  .  <U>  NAVAL  FACILITIES  ENGINEERING 
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3901  CARMICHAEL  AVENUE 
P  O  BOX  5728  •  JACKSONVILLE.  FLORID, 
(904)  398-5173  ! 


Noverter  2,  1982 


Frank  Shumer,  Architect 
10695  Beach  Boulevard 
Jacksonville,  Florida  32216 

Attention:  Mr.  George  G.  Gooden 


NOV  '•  1oc: 


Attention:  Mr.  George  G.  Gooden  DLCUKY  &  ASSOCIATES.  INC 

CONSULTING  ENGINEERS  ’ 

Subject:  Report  of  Exploratory  Borings 

Mayport  Hurricane  Moorings  at  Blount  Island 
Jacksonville,  Florida 
LETCO  Job  No.  J-4033  * 

Gentl  emen: 

Law  Engineering  Testing  Compare  has  completed  a  series  of  exploratory 
borings  for  the  subject  project.  This  report  briefly  outlines  our  exploratory 
techniques  and  presents  the  data  obtained. 

We  are  pleased  to  be  of  service  on  this  phase  of  your  project.  If  you 
have  any  questions  concerning  this  report  or  desire  assistance  In  evaluating 
the  data,  please  contact  us. 

Very  truly  yours, 

LAW  ENGINEERING  TESTING  COMPANY 


j  /James  A.  Horton,  P.E. 

I/  Senior  Geotechnical  Engineer 
Registered,  Florida  23315 


m 


Zc /*&*{&**) 

Lewis  E.  Hay 
Engineering  Geologist 


Distribution:  Frank  Shuner,  Architect  (2) 
Dloughy  &  Associates  (1) 

JAH/LEH:/kk 


FIELD  EXPLORATION 


As  shown  on  the  Site  Location  and  Field  Exploration  Plan,  the  site  of  the 
borings  is  located  in  the  old  St.  Johns  River  channel  on  the  northwest  side  of 
Blount  Island  in  north  Jacksonville,  Florida.  For  this  exploration  three 
soil  test  borings  were  made  to  the  designated  depth  of  50  to  55  feet  each 
below  the  existing  water  surface  at  the  locations  requested  by  your  office. 
The  attached  Site  Location  and  Field  Exploration  Plan  also  shows  the  locations 
of  all  the  borings.  The  borings  were  located  In  the  field  by  our  drill  crew 
using  tape  measurements  from  features  such  as  the  existing  dolphins.  The  water 
surface  elevations  at  the  boring  locations  were  established  by  measuring  the 
level  of  water  relative  to  the  Blount  Island  Wharf  at  the  time  of  drilling. 

Soil  Test  Borings 

The  soil  test  borings  were  made  In  general  accordance  with  ASTM  D-1586, 
"Penetration  Test  and  Split-Barrel  Sampling  of  Soils."  A  three-inch  I.D. 
casing  was  Initially  extended  from  slightly  above  the  expected  high  water 
level  to  below  river  bottom.  A  rotary  drilling  process  was  subsequently  used 
and  bentonite  drilling  fluid  was  circulated  In  the  bore  holes  to  stabilize  the 
sides  and  flush  the  cuttings.  At  regular  Intervals,  the  drilling  tools  were 
removed  and  soil  samples  were  obtained  with  a  standard  1.4  Inch  I.D. ,  2.0  Inch 
O.D. ,  spl  it-tiioe  sampler.  The  sampler  was  first  seated  six  inches  and  then 
driven  an  additional  foot  with  blows  of  a  140  pound  hammer  falling  30  Inches. 
The  number  of  hammer  blows  required  to  drive  the  sampler  the  final  foot  is 
designated  the  "Penetration  Resistance." 


Po 


p 


»  „* ■  ,  •  .  ■  -  -  ►»  ™  *  •  *  i ►  '•*  >•*  "  P  ’,•  » 


Representative  portions  of  the  soil  samples,  obtained  from  the  sampler, 
were  placed  In  glass  jars  and  transported  to  our  laboratory*  The  samples  were 
then  ^xamined  by  an  engineer  In  order  to  verify  the  field  classifications. 

•For  detailed  Information  about  the  soil  conditions  encountered  at  each 
borintj  location,  the  attached  Test  Boring  Records  should  be  consulted.  The 

I 

horizontal  stratification  lines  on  these  records  indicate  the  approximate 
boundary  between  soil  types  and  in  some  cases  the  transition  may  be  gradual. 
It  should  be  understood  when  reviewing  these  records  that  the  soil  conditions 
could  vary  between  the  boring  locations. 


NOTE  :  Sketch 
not  to  Scale. 


law  engineering 

Soil  Test  Boring  Location  TESTING  COMPANY 

Jocktonvill*,  Florida 

References  1)  Eastport  Quadrangle,  e —  5  - .  — 

Florida.  1964,  Rev.  1981  SITE  LOCATION  6  FIELD  EXPLORATION  PLAN 

U0S°9Ceologica?PSurvey  Mayport  Hurricane  Moorings  at  Blount  Island 
2)  Location  Map  Jacksonville.  Florida 

Olouhy  6  Associates.  Inc.  . _ _ 

DatedS/oV/BO020*0  DW4WW:  QEP  P*TE.  iq/27/82  scale: As  Shown! 
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TEST  BORING  RECORD 

BORING  NO.  B-1 
DATE  DRILLED  10/18/82 
JOB  NO _ 40 3 3 

LAW  ENGINEERING  TESTING  CO 

P*  p  *  6  *1 


v'lwl* L'l\v\  \V\Vi 


DESCRIPTION 


SOFT  dark  blue-grey  slightly 
clayey  SILT 


SOFT  brown  slightly  sandy  SILT 


Brown  cemented  to  slightly 
cemented  silty  fine  SANO  with  zones 
of  brown  slightly  silty  fine  sand 
(Silty  sandy  LIMESTONE) 


BORING  TERMINATED 


NOTE:  Borehole  cased  to  35  feet. 


sampling  mi  its  astm  o  ism 

CO«l  OPIUING  Mills  ASTM  0  1111 

»IN*  1IATION  IS  TNI  MUMSIA  01  SLOWS  Of  IIS  LS  HAMMS* 
tailing  m  in  MOumtO  TO  OAIV!  I  4  IN  1 0  SAM  ALIA  t  rT 


Elev^  SL  •  RfcN£TRATiON»».ows  Pta  rt 

.38  ♦Wcl9ht  S&  M  40*  M  BO  100 


R  UNOlSTuASIOSAMfLI 

N  »0C«  COM  AICOVIAY 


WATS*  T  ASLt.  14  H* 


WATS*  T  ASLI  AT  TIMS  Of  OWL  L 1440 


^  LOSS  Of  OAHLIMQ  WATS* 
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TEST  BORING  RECORD 

BORING  NO.  B~l 
DATE  DRILLED  10/18/82 
JOB  NO _ j~4°33 


LAW  ENGINEERING  TESTING  CO 

fa? 


Uf5  itlSTlON 


VERY  SOFT  dark  grey  SILT  with 
sand  seams  in  lower  6  feet 


VERY  LOOSE  grey  fine  SAND  with 
silt  seams 


A NO  SAMAUNO  titers  AST*  0  list 
COM  ORILLINO  MtiTS  ASTM  frill) 

M  tat  T  A  AVION  IS  THt  NUMSf A  Or  SLOWS  Or  1*0  IS  NAMMCA 
'•UWONlt  MOUIAtO  TO  OAlVt  14  IN  1.0  SAMSLtA  I  FT 


tttV  t. 

-  3  0MSL 


•  PtHt ISA DON  Blows  pih  ft 


to  •  10  30  40  *0  BO  too 


WATtM  TABU.  M  MS. 


UNDlSTUAtIO  SAMAlf 


S  «0C«  CO«t  AtCOVf AT 


r  timi  or  oakums 
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TEST  BORING  RECORD 


BORINQ  NO. 
DATE  DRILL! 
JOB  NO _ 


LAW  ENGINEERING  TESTING  CO 


V 


H 

% 

H 


description 


VERY  LOOSE  grey  fine  SAND  with 
silt  seams 


elev. ,  F  i . 

,,  MSL 
3/  e 


•  PENETRATION -SLOWS  PER  FT 


10  '  10  30  40  *0  to  100 


M.5  I  SOFT  blue-grey  si ightly  cl aycy|(1 ) 


VERY  SOFT  to  SOFT  green-brown 
slightly  sandy  slightly  silty  CLAY 


Brown  well  cemented  silty  fine 
SANO  (Limestone) 


BORING  TERMINATED 


NOTE:  Borehole  cased  to  35  feet. 


(I)  SILT  with  sand  seams 


AMO  SAMNiinQ  MEETS  AST W  0  1  Mf 
CO»E  CNiUlNO  ME(TSUTMOlll) 

»«NS  T NATION  It  TH*  NUMtt*  Of  tlOWt  OP  t«0 It  HAMMtR 
'NIvnOJOiN  MQUIMOTO  DRIVE  1  AIN  10  tAMRlf «  1  NT 
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TEST  BORING  RECORD 

BORING  NO.  B-2 
OATE  DRILLED  10/19/82 
JOB  NO _ J-*»033 


r  rut*  or  omuma 


M 


••  ROC*  COM  RE COVER* 


^  sottoroRiuiNO  wtrta 


LAW  ENGINEERING  TESTING  CO 

T — >  /»/»/* 


VERY  SOFT  blue-green  CLAY  with 


Brown  cemented  silty  fine  SANO 
(Silty  sandy  LIMESTONE) 


1 )  some  sand  seams 


•o»n*c  ono  lAuruMQ  mcets  osroi  o  tits 
com  omiuino  mitsutm  aim 

ffNETOOTlOM  IS  TM«  NUMSt*  Of  SLOWS  Of  <0S  LS  mMMtn 

Mu«a  jo  in  sioumco  to  osive  t  sin  i.o.  smihu  <  rr. 


UMOISTUMSSO  SAMfLI 
H  »OC«  COOS  OSCOVSOT 
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WSTin  TOSU  ST  TUN  Of  OMLUMO 

M  cost  of  omuino  wotso 
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TEST  BORING  RECORD 

BORING  NO.  B~3 
DATE  DRILLED  <0/»  3/82 
JOB  NO _ J~^°33 


LAW  ENGINEERING  TESTING  CO 

<*  4  )T 


f»£*t .  A*  *  . 

10  •  10  30  40*  00  #0100 


Brown  cemented  silty  fine  SANO 
(Silty  sandy  LIMESTONE) 


LOOSE  brown  slightly  silty  fine 
SANO  with  limestone  fragments 

- 

Brown  well  cemented  silty  fine  ^ 

SAND  (Silty  sandy  LIMESTONE) 

VERY  FIRM  grey  fine  SAND 

Brown  si  ightly  cemented  silty  fine  (2) 

BORING  TERMINATED 


NOTE:  Borehole  cased  to  35  feet. 


(2)  SAND  (Silty  sandy  LIMESTONE) 
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TEST  BORING  RECORD 

•OR'HG  A*0  SAMAuNO  ME tT*  ASTM  D  IM* 

CORE  ORlUlWG  MEETS  ASTM  0-111* 

BORING  NO. _ 

B-3 

At*  E  TRATIO*  IS  THE  HU  EMM  OA  *lOWS  Ot  14*  l*  HAMMEJI 

EAUIMOMIH  REOUIRSO  TO  DRIVE  1  «  IN  1  0  SAMFIE*  1  FT 

DATE  DRILLED. 

10/13/82 

— I  WATER  TADLE.  1*  MO. 

JOB  NO 

J -4033 

U*Oi*Tu*MO  S4MF1.E  WATER  TASK  AT  TIME  OF  OH*. LINO 

)m(  s  rocr  core  recovery  ^  loss  of  oriuino  water 

LAW  ENGINEERING  TESTING  CO 

VT*  V*  k">  «r*  k"*  v~-  V»  *n*  l""  ^  Luvi.,'w  t  -»  Vfl  W^in*  i^i  L'1*  V*  k”^  VTITV T  V  ^  V  »TH  "»kT  \"» 


KEY  TO  SOIL  CLASSIFICATION 

Correlation  of  Penetration  Resistances  with 
Relative  Density  and  Consistency 


1 —  — 

™  f<6.  OF  BLOWS.  N 

RELATIVE  DENSITY  1 

SANDS  AND  GRAVELS 

0  -  4 

Very  Loose 

5-10 

Loose 

11  -  20 

Firm 

21  -  30 

Very  Firm 

31  -  50 

Dense 

Over  50 

Very  Dense 

‘  NO.  OF  BLOWS.  N 

"  CONSISTENCY 

SILTS  AN0  CLAYS 

0-2 

Very  Soft 

*3  -  4  .*• 

Soft 

5-8 

Firm 

9-15 

Stiff 

16  -  30 

Very  Stiff 

31-50 

Hard 

Over  50 

Very  Hard 

Particle  Size  Identification 
(Unified  Classification  System) 


Boulders  - 
Cobbles  - 
Gravel : 


Sand: 


Silt  and  Clay: 


Diameter  exceeds  8  Inches 

3  to  8  Inches  diameter 

Coarse  -  3/4  to  3  Inches  in  diameter 

Fine  -  4.76  mt  to  3/4  Inch  diameter 

Coarse  -  2.0  an  to  4.76  mm  diameter 
Medium  -  0.42  mm  to  2.0  mm  diameter 
Fine  -  0.074  mm  to  0.42  mm  diameter 

Less  than  0.07  mm  (Particles  cannot 
be  seen  with  naked  eye) 


MODIFIERS 

The  modifiers  provide  our  estimate  of  the  amount  of  fines 
(silt  or  clay  size  particles)  in  the  soil  sample. 


- APWOx  IRATE - 

FINES  CONTENT 

MODIFIERS 

5%  Fines  12% 

Slightly  silty  or  slightly  clayey 

12%  Fines  30% 

Silty  or  clayey 

30%  Fines  50% 

Very  silty  or  very  clayey 

A 


P*y  -r 


